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Raw Material Selection of Appropriative Wheat Flour
for Dried Noodles with Low Starch Digestion

TONG Le, SUN Binghua, LU Haowen, LU Suqi, WANG Xiaoxi’

(College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: In order to fill consumers' growing demands for healthy dried noodles and promote the high-quality development
of the wheat flour industry, 16 types of wheat flours nationwide were selected as research subjects, 40 quality indicators
were evaluated from three dimensions, including nutrition, processing and edible quality. The dried noodles produced with
these wheat flour samples were further digested using an in vitro dynamic simulation digestion system, and then the key
indicators and their value ranges of wheat flour that suitable for producing digestion-resistant noodles were identified
through correlation analysis, principal component analysis, and cluster analysis. Results showed that the variation
coefficients of quality indicators of these wheat flour samples ranged from 1.13% to 227.90%, indicating their more
representative. According to correlation analysis and principal component analysis, the key indicators of wheat flour for
dried noodles with resistant starch digestion were identified as B-starch content, ash content, flour particle size (10xx/11xx),
dough development time, peak viscosity, and gelatinization enthalpy. Meanwhile the reference ranges for these key
indicators were provided by cluster analysis, which were B-starch content of 10.15%~16.91%, ash content of
0.42%~0.73%, the mass ratio of flour with particle size (10xx/11xx) that was 6.06%~26.20%, dough development time of
4.20~15.00 minutes, peak viscosity of 1492.00~2697.00 cP, and gelatinization enthalpy of 1.34~2.85 J/g. This study can
provide a theoretical reference for predicting the resistant-digestion quality of wheat flour for dried noodles and for
developing nutritious and functional noodle products.
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1.1 #RI5EE

FEEEM/NE Ak A SEE 10 01
16 DANFFE S (R 1) o-JE B (11 U/mg, i 5
S31302) g EYIRLIECA IRA F s B A
(3000 U/mg, %5 P110927) ¥R 7 T A= kB35
B A BR N W5 JBETE (4000 U/mg, s P916050) | IH
(45 B875069) g sekA bR R
w5 VERY S-S B (total starch) K50 & . BHAETEN/
AEVER 5 B (amylose/amylopectin) f AT &
BT 4EE B (total dietary fibre kit) KX & &R
2% Megazyme N FH] o
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Table 1 Sixteen varieties of wheat flour for dried noodles
P HEETRRE S R FETHTAE
F1 515 F9 g2
F2 1S F10 IOE[AR=2
F3 L5 Fl1 1i%R2%
F4 i F12 LIRS
F5 RIS F13 35
F6 RN R Fl4 IIZR3%

F7 W15 F15 45
F8 IR 15 F16 S5

Mastersizer 3000 #GHRL BEAY L [E Malvern
LR SCAL RN T3 DSC 200 F3 22 m A B HUL
[E Netzsch 2\ Fl; 150 BITHARSLIOHILH  WIRg 4= J7 T
HLEE R DHSI-IV S B HE RS AR
B (TR MDD ILER &G R F]; QSI-D02Q1 #£ 48
WL AR/ NBEFLER A AT BR A ]

1.2 EWHE

1.2.1 & /NSRRI

1.2.1.1 EIREEIEVRMNE S e SR A
TEM ARSI TR 5 BLAE DER & B i R B S A
TEM AT A

KRGy Wi TER . R AT &SR . BBIT . Tk
EOEZEEE R, 2. R L4555 5% B GB
5009.3-2016.GB/T31577-2015.GB 5009.5-2016 .GB
5009.124-2016 . GB 5009.6-2016. GB 5009.84-2016.
GB 5009.85-2016. GB 5009.89-2023 . GB 5009.210-
2023, GB 5009.88-2023 M %E .

B {EB & EIE SR Guo 2519 el gy
TTFEIIE . /INZE GERHRIBCR T 2%, 1] DA
A 60% ZE1E 7K I i ik i ], #+ 2 20 min, 7K 3k
A, B A TER 2L 100 H 5 S 3000 r/min 5500
10 min, {Fl#5_LVEW, /N0 R IR EF O, IR
LT IETEM, BT 45 C BAaHET, Miread 100 B,
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BIAS/INZZ G UMY RE i, SR PRI A B A SRS TEAS A i
BLAR 53 A (LA 2% 88 7 7K SRy 43 1R, JOURE BT 56 558 oA
1.530), 145 B 3EM (<10 pm)IAF & &

1.2.1.2 0T SBFEARAME K5y IR . Bl
FEME AT RVA WA 45E 4350 4% B GB 5009.4-2016.
GB/T 5506.2-2008 . GB/T 14614-2019. GB/T 24853-
2010 JRE .

JINZE PR A H BB GB/T 5507-2008 <&, 57 ™
FEAS A Oxx. 10xx. 11xx. 12xx. 13xx. 14xx. 15xx,
S¥HIXFRE 150, 137,123, 112, 100, 95, 88 um FL4%.

PR M S 0 e SR FH 22 7 3 i R (diffe-
rential scanning calorimetry, DSC), = B8} JKHE SE )
P IEITREVERR SN TG 5 2 B T oK s i B
TR EE 13 ECHI I I A BRI o, X TR
BN, RS IR TP 12 he MR SR 76
AR SUF L 10 °C/min YHNFAGE M 30 °C Jindi
F] 100 °C,
1.2.1.3 EBHMFIEPRIMNE SZUEEE] PR
2 VR P 0 52 $2 F8 GB/T 40636-2021 [ff 5% C
Jridie
1.2.2 FEMEAESPIHIEE KPR GB/T 35875-2018 Fit
ERITTEEITRE S . SR8 A, IRPEAFR/ N
e S I SEBRIK 433 PRy i, I T A5 R 1
200 g /KAr BN 13.5% W/NER, K= 0.1 g.
KRR BEIAFIH LA, IIA—EZZEEK, 885
INZERY K A BT K 2R 1) 46%~48% T1A, AT
PLVAEE 3 YA S min JEAMATEE, BT [ B34 h ik
10 min, Z JEMRAE 3.0, 2.5, 2.0, 1.5 mm JE A, 4R
JE PR TR R RO T R R, AR 1 i R B
FRIE]FE T S 1.25+0.03 mm, B4 180 5 Ul v JBE 2 M
2.0 mm PSS, HHEET L HMSE T 4 h 15 205w
1.2.3  FEEAARSNEB /K iR I 8
1.2.3.1 FEREEAREMECH] =18 Minekus 451 [
J7 ¥ T 1) e A5 3P UK (simulated saliva fluid, SSF) .
B WAL (simulated gastric fluid, SGF) Fl A7 # #5
L& (simulated intestinal fluid, SIF) . FEFIEAL B
fiHA L . . CaCl, FIZKLH AL, {46 24 RS, B
BT 37 °C AR . HA o- 3 EFFT CaCl,-2H,0
(0.3 moVl/L ) ¥ i T My At A5 W HH (S L4331 SSF
AR IR E) 150 U/mL F1 1.5 mmol/L; & 45 H i
F1 CaCl,-2H,0(0.3 mol/L) % fift T Wi fith &5 W v fili
H 43 B 7E SGF H 1 % £ ¥ 52 35 #| 4000 U/mL
0.15 mmol/L; A& . JH#ERF1 CaCl,-2H,0(0.3 mol/L)
% T i WA #5 W b A 43 9 FE STF H Y B
23 BE R F 200 U/mL. 20 mmol/L F1 0.6 mmol/L.
CaCl,-2H,O BN TIHALETINA, B 185 8 T Al
PLFE. % 0.5 mol/L KCI. 0.5 mol/L KH,PO, .
1 mol/L NaHCO,. 2 mol/L NaCl. 0.15 mol/L
MgCl,-6H,0. 0.5 mol/L (NH,),CO; S5FEh i 2H Al -
1.2.3.2 ARSMERITEALSCES AR RS S A

1.2.1.3 PUA5AY ZZ VRS TE] FIHAL 2 R A&, FREL S0 g
FEMTRERR (135, RS HHSEHIAWE(10 s), LI
A EEIERE . S A 50 mL TH%E 37 °C {33514 SSF
(pH7IRA 5], RS HE R I 2, ST B TR A 4
FAALHL 1 i B BEAETHE ARER 1 min 126 3 min 53K
(BN A S SRS MELFN B 17 15 AR Y
SN SGF(pH3) 372 mL #l SIF(pH7) 558 mL,
gl b 23 i SGF 4 20 mL, 45 E 7380 k.
B AA, 0~10 min LA 1°/min #4Ff BE 4} 8 2% (3
oA IE RO B WA b ) &} 10°, 11~30 min LA
0.4°/min R4k LR} 8°, 31~180 min LA—0.4°/min
R GHE A 71 o BB HMBED iR} 60°, HeZ
FE AU 14 TR AR RS R —420, HAT 1RSSR Sy 2 ¥/
min, HJE AR UGN E 6.5 mm, BFEIKIFA7E 6 mm,
+ AR EIE AT BEE A 12 r/min, /Mg R JE BOHTR
910 57, /NG IR EEE]BE 4.9 min 7T 0.1 min, 2
BN BRI N B AL TR 4 he HURE: 11k
120 min F1 240 min(FHALZ 5 HE DA /INIZ A S 43 531 B
15 mL {H4E7=4, BE/KYE 5 min DAL EEAR N -
1.2.3.3 JEMIZKMAZRPNE  S3AE 16 FREETHEE
s AN [EE AR ZITE A = M BE R K % . HAR S IR
FRIEAENS 177 vk, SR 3,5- Al LKA R (DNS) 74
I A OB B B, TE 540 nm R IMENOGEEE . TER
KRR
_ 0.95xM:xV y
mxSx (100 —M)

o H WA [RITHE AT 21 0058 53 /K A%, %03 M
A BB I FRE BT R B, g/mL; V S B EE RN,
mL; m A AR S AR SNE AT R, g5 S ST
R BB TERS R0, /100 g( DL REFEH); M
SHFEEMRE S 7K A3 TR 5048, 2/100 g (DIRESL BT EET )5
0.95 SRyids JFUH BT S AL 0 s UE MY AL AT T H 5K
1.3 HIELE

SEHG 2 /DS AT =R, SR IBM SPSS Statistics
23.0 FRAFXTEEHAT R ZR ANOVA J7 2253871 CR
H Duncan E3EF7 2 5 L% ) . Pearson #HE 4304 .
AR SRS BT . E AT ST A B ZS 43 M SR Origin
2024b FAHATIETE 2l .
2 RS9
2.1 16 FEE T A/ NER mBIRFRER 4 2
2.1.1 /Ry E SRS BRI ST 16 iR
L H/INEREFEFERR (AT Ingk 2 R, M
FAIRAERRT, BMTERTTEEN 74.47%~85.12%, FAEGE
BIEEIN 21.99%~33.91%, SMGHERTEEEN 5.17%~
6.69%, B TEMTEEI N 10.15%~19.78%. HA H5%TE
B3 F B UER AR S RN 26.84% Fl 16.61%, #KAH
PREBAIR S A AR T BB R TE R B R 430, 55
WARER K., EHBMEEN 11.08%~14.17%, g
5 75 Bl oA 0.91%~2.05%, & JL ik B (TAA) 7 FEl

100
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Table 2 Nutritional indicators of 16 types of wheat flours for dried noodles

N . s s . _ s . B4 %
FEMY  RER EEEVEH UGS BIEM BN EAR TAA i 27 4 v v v v
BT ) ) ) (%) (%) (g100g) (%) b1 2 B s
’ ’ ’ ’ ’ ’ © (100g) ’ (mg/100g) (mg100g) (ug/100g) (mg/100 g)
o 7922 2365 572 1693 I31F 1207% 1244 203+ - B 172.57¢ 032+
021 3374 0115 0.74™  0.06° 0.00°  0.02¢ 0.10% 1.98' 0.00"
gy TS8TE 27995 608+ 1762+ 103+ 1401+ 1395+ 322+ 027+ - 185.39+ 036+
0.15% 030 007 182" 030° 006"  0.01° 151 0.00 0.00 0.00"
gy 7627+ 3391 609+ 1005k 157+ 13496 1297+ 248+ 0.19+ - 389.26+ 0.43+
0359 1130 0.02° 089 012 002 001 0.36" 0.00 0.00° 0.00°
pe 75926 27715 SA7e 16926 145 1179+ 1194 180+ - - 330,14+ 0.42+
0.06*  0.76% 0.03 204%™ 030% 008" 002 0.04% 0.00° 0.00°
s TA4TE 27305 565e 1640: 1296 1291 1255 171 - - 191,05+ 0.24+
012" 1.02% 0.066 153 060° 001°  0.0I° 0.04% 0.002 0.00"
pe 7676+ 2657+ 65k 1005 102 1108+ 1074 179+ ~ ~ 179.30+ 0.35+
0.57%  3.25Md 006 228" 0.4 004 001" 0.12% 0.00* 0.00'
gy TB39E 2493 560+ 1872 143: 11455 1134 152 - - 127.23+ 0.40+
0.10%  0.66% 0.08 103 030 002 001" 0.12% 0.00° 0.00'
pg TB64E 2791 615: 1691 091 1271+ 1208 155+ - - 141,43+ 035+
0.06¢  0.30% 002  065™ 001" 017 003 0.07" 0.00" 0.00'
po 7684k 2294+ 562 1377+ 108 1246+ 1157+ 185 0.10+ - 24525+ 0.51+
0.12% 0,61 0.04 201 030° 004  0.028 0.04 0.00 0.00° 0.00°
b0 T701E 23775 6096 1240+ 205+ 1130+ 10215 167+ - - 144.70+ 0.38+
0.07% 526 0.11° 255 051' 010 004 0.15" 0.00" 0.00¢
pip 75305 2470k 6595 1978:  L02E 1139+ 1009+ 178 - - 190.73+ 0.41%
006 0.85% 013 247 0.17° 003 002" 0.18" 1.98" 0.00¢
by 6625 27006 657+ 1634 097+ 1273+ 1216+ 201 0.12+ - 254,35+ 0.42+
0.54%% 2 gowd 0.04 153 032° 003  0.00° 0.08" 0.00 0.00° 0.00°
i3 7532 2860+ S37E IR67E Ller 1L78: 1099+ 169+ - - 189,04+ 0.30+
0.04% 126" 006 219" 035 000" 000 0.14% 0.00 0.00'
pla B2I8E 31305 S65E 13465 133 1407+ 1L6lE  15g - - 29135+ 0.34+
008 023" 0.16°  124%  0.02° 006 001" 0.06" 0.00° 0.00
s 85126 21995 6696 18045 LS8 12065 11245 140+ - - 13724+ 0.28+
012° 076 0.01*  112° 016 003  0.02¢ 0.04¢ 0.00° 0.00"
Plg 82245 26045 600: 1545t LISk 1298+ 1070+ 226+ ~ ~ 199.76+ 0.46+
012°  0.86" 0.05°  1.64™* 031" 006° 000 0.20 0.00° 0.00°
Sk EL
W) 474 2684 7.64 1661 2357 767 881 39.16 227.90 - 35.06 18.69

1 A5 R #X (Coefficient of Variation, CV) (%) =#iifE 2%/ F-{H x100; RIFIAR /NG FRE R 25 5 835 (P<0.05),, £3~£ 7,

27 10.088~13.952 g/100 g, I &£ 4E7E Bl 1.40%~ a
3.22%, JHTE (Vi) « IZ R (Vis) & 370 Bl 43 51 2k .
127.23~389.26 ug/100 g F10.24~0.51 mg/100 g. 34 : %
Bl Z (Vg ) IXAE F2. F3, FO il F12 DU bk | %
A% 85 2R (V) 76 T A FE & B R K7 (<0.050 mg/
100 g) . ARWI. BiiRE 2 . MR . 1218 . G B 2T 4k
AR S BB K TF 10%, 53518 23.57%. 227.90%.
35.06%. 18.69% Fi1 39.16%, & [ Jii -5 & ILHR M B AL
SERBEN, 539N 7.67% F 8.81%, FFHPHFE brEk
P BNAEET .

2.1.2 /NEZBYINT A SRS AR R A RS KSR
AN RS BE A E S bR, ATVl b N2 0T
JGE S RAVEFEIERR, ARIE 1 AT, 16 FhEET/INZE Ry
MR (LAT ) S EJE B 0.29%~0.83%, 25 &
Bh 28.66%, AR S ZREL AT /N My Ko7 Bl
BE A YR AT (LA 33 & B I BN 29.75%~
37.44%, T8 BN 9.94% ., /INZERYHH 4 E RIDRL
LABR B AERRE 07 )22 iRy IS iR 09 BT 4 8GR,

5 FA=28.66%

e 3 AT, 8 KR RDMLAN I M 125 5 2R 4. s H1 16 Frem e R &
> A 7 KA
Oxx’H 47.30% Sb, HAx 7 ZEHTT 50%, KW 16 Fif Fig.1 Ash content and wet gluten content of 16 types of wheat

HEM /NP AN AR AR 22585, SZRE a2 AR flours for dried noodles
7INZZ A5 K3 o AR A e P YR T [ I AR e P A B : BIPAR RV ING F R 22 55 3 (P<0.05); 1 2 [l
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Table 3  Fineness degree of 16 types of wheat flours for dried noodles

HEANE 5345 (%)
FEM i
-/9xX 9xx/10xx 10xx/11xx 11xx/12xx 12xx/13xx 13xx/14xx 14xx/15xx 15xx/-
F1 0.22+1.35° 2.5241.22" 2.36+1.53" 3.94£1.11° 19.38+1.39" 51.58+1.20° 11.58+0.96" 0.11+1.03"
F2 1.77+1.45¢ 9.30+1.40° 4.7442.00 10.23+1.40' 6.88+1.13" 7.94£1.07" 7.79+0.20" 48.52+2.00
F3 2.91+2.31° 6.83+1.00° 9.48+1.53" 6.67+0.96" 7.28+1.04™ 27.45+0.83¢ 3.09+2.02" 32.95+1.14°
F4 2.95+1.30° 5.84+1.25¢ 3.40+1.00! 10.93+0.95 14.50+0.61* 29.07+1.34° 17.71+1.33 8.90+1.80¢
F5 1.23+1.51% 5.63+1.08' 10.36+2.31° 15.08+1.32¢ 45.61+2.55 13.17+2.88" 1.65+3.26™ 0.41£2.31
F6 2.89+1.40 8.62:+1.40° 3.55+2.00 15.02+1.30" 12.11+1.64' 27.52+1.497 17.5140.16° 8.66+1.66°
F7 0.99+2.50' 6.52+2.30° 3.4242.00! 19.32+1.70° 15.77+1.47 34.27+1.98¢ 12.73+0.90¢ 1.63+1.73!
F8 2.27+0.40¢ 15.93+1.75 14.13+2.52¢ 15.85+1.55 38.71+1.03° 9.40+2.20' 0.01£0.45" 0.01+0.58™
F9 0.96+1.45™ 11.18+1.56 15.16+2.00° 17.09+1.40° 26.88+1.82° 16.56+0.73' 6.07+0.45 2.40+0.94¢
F10 1.35+0.79 4.09+3.03! 6.06+8.74" 11.89+3.80 26.79+0.65 34.23+1.63¢ 8.12+0.602 3.55+1.74"
Fl1 1.68+0.25¢ 3.84+1.27" 30.58+1.00° 18.46+0.95¢ 31.25+1.53° 9.42+0.84' 0.01£0.29" 0.01£0.11™
F12 2.33+0.55¢ 5.29+2.15' 3.36+2.52™ 4.52+1.76° 3.08+2.19° 5.08+1.28" 11.75+0.79° 63.26+1.52°
FI3 1.74+1.40" 5.16+1.91 5.91+2.08' 25.32+1.54° 28.11+0.89¢ 23.88+1.79" 5.94+0.11% 1.69+2.08"
Fl4 1.48+1.55" 5.13+1.60F 26.20+2.08" 32.94+1.56 26.30:£0.748 431+1.25° 0.01+0.35" 0.01£0.07™
F15 1.38+0.50' 5.73+1.60" 1.8242.08° 7.65+1.40™ 19.16+2.28' 22.1142.431 35.52+0.43° 2.4142.08¢
F16 0.88+1.65" 2.40£2.41° 9.42+2.52¢ 13.61£1.90' 15.76£1.24 43.84+0.48° 7.03£0.041 0.34+1.52¢
5 ZE(%) 47.30 54.78 90.62 53.09 55.57 62.71 99.12 178.64

s axx/bxxF8 i i axx 0 [ FLAR 1 B2 A8 18 1 bxx i [ FLAR/INZE B3 i o BB (%), e <=/9xx 48 A3l 1 Oxx i X FLAR 1R /N2 3 T it o e <9xx/10xx 45 i 1

9xxfifi PFLAE T 5 3 3 1 0xx B P F LA/ N2 M3 ot o5 L, R81F]

FEARUO, W 4 Ao, 16 PR /N AR AR
H, BR Y BT K RSN, HARTE IR AR S R AR T
50%, < IS [FIH: AT/ N il BB B R AR E— e
225, BRI R . A TR /K2 L TR AEs AR
Fa 2 Ik 18] 43 S AE 60.70%~66.20% . 1.40~15.00 min
1 3.37~21.07 min 2 [8] , 55 1k & Y& Bl & 15.00~
142.00 FU, #3 Bi+8 205 F 28 41.00~289.00 mm. ¥E
B AL R R RE 2R B, TE RORIIR, 3R 5 R, 16
Fh/INZZ By RVA BALARREE T, I fE R0 | IR R
A FEEE IS4 B 1456.00~3422.50 cP. 634.50~

4 16 FEEM/NE R PR
Table 4 Farinograph properties of 16 types of wheat
flours for dried noodles

e ROKR R E fREntEl 55 R
G’ (%) (min) (min) (FU)
F1  61.00£0.147 1.50+£0.04" 12.73+0.24° 27.00+2.83" 142.00+2.83¢
F2  65.40+0.28° 3.83+0.10" 5.07+0.42' 97.00+4.24° 74.00+1.418
F3  62.80+0.00° 4.87+0.11¢ 12.88+0.35° 28.00+1.41" 141.00+2.83¢
F4  61.70£0.14% 1.80+0.17%" 6.47+0.82" 94.00+5.66° 74.00+5.66%
F5  66.20+0.14* 15.00+0.21" 17.42+0.40" 22.00+7.07" 289.00+7.07°
F6  62.90+0.28° 1.72+0.202" 8.10+0.318 52.00+4.24" 87.00+1.41°
F7  60.70£0.14' 1.93+0.07¢ 6.63+0.44" 68.00+2.83° 79.00+7.07"
F8  66.10+0.00° 14.75+0.06" 13.75+0.37% 41.00+5.665 237.00+5.66"
F9  61.60+0.14%" 4.20+0.24° 6.22+0.30" 108.00+1.41° 74.00+7.07¢
F10 64.80+£0.00° 4.73£0.06" 5.88+0.04' 92.00+2.83° 72.00+2.83¢
F11 64.20£0.00° 1.40+£0.16' 3.37+0.00' 142.00£1.41° 41.00+1.41°
F12  65.40£0.14" 2.08+0.21% 6.92+0.08" 77.00+5.66° 55.00+0.00"
F13  61.30+0.14" 1.77+0.35#" 6.25+0.17" 88.00+4.24° 71.00+4.24¢
F14  62.40£0.00" 8.58+0.06° 15.33+0.13° 44.00+2.83% 168.00+0.00°
F15 65.20+0.14° 1.77£0.06=" 21.07£0.17° 15.00+4.24' 44.00+5.66'
F16 64.70£0.28 6.47+0.25° 9.65+0.07" 66.00+1.41° 121.00+2.83¢

Bw) 30

LD (=5

(mm)

98.17 50.65 54.20 63.58

2091.00 cP F1 1472.50~3432.50 cP, =378 5 284
KT 20%. AIFRAE . B A (B AN/ B Ta] 5 B 53531 Sk
600.00~1398.00 cP. 838.00~1582.50 cP fl 5.57~
6.53 min, A IE(E B R] AR S5 250D, S 4.31%.
DSC 7 LU I BE R AF M AL o, 21k 6
JIT7N, 16 P /INZ2 AR AL 400 G TR B © R Ak (8 T
B ORI Ak 2R R A K (B Y L4 01 o 51.47~
58.64 °C. 61.73~64.20 °C., 67.53~70.18 °C Fil 0.89~
4.12 Vgo WILKS(EMAS 5 2500 2 AH L HA =35
BRI, S 83.04%.

2.1.3 /NEBE SRR AT
SRR A A AR SR, S352mh
TER ITE AR S S FRED T, thEk 7 7145, 16 Ff
He A A S YRR E]YE R S 4.75~7.50 min, 28 5 R
A 11.59%. S PEABR SRIEF N 4.24%~7.40%, K&
F3. F4 Fil F16 £ 5 A, o4 HE 1w 2 b 55 2 228 o,
16 Pl 3 17 A9 52 U8 351 2% 30 FN BT 4% SR B R & bR fE
GB/T 40636-2021 HETT, Hor Fr e i [l Sy . S840
FR<10.0%, TSR <5.0%., M PR IR A
BTSSRI AE R R BTN 12.57% Fl 224.58%, —
TRFEFRAL ST R A KT 10%, A )4 £ & s ds
WFAE 22 . L34 bl = A4 s Fe bR, S &
BORE 16 DHEH/ N 00 5 TTSZRE S SE i B, B
e 16 FPAEARE S HA M.

2.1.4 HEHIEM KR EM ST BE 215, 16
Al AR 55 7E 120 min B 3E B /K B 5 H, F Y
19.46%~29.12%, &5 FHECH 17.86%; FEZE TH ALY TE]
MAE RS, 7F 240 min T4 ARZE AT UE R /K i3 H, ) V8
B4 30.64%~47.08%, 25 55 B H0H 17.08%, ILiFfk
FA G HHA AP TS S SR, MR RBCE 16
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Table 5 Pasting properties of 16 types of wheat flours for dried noodles
[2aTE e W L (cP) R FEEE (cP) fAE (cP) AR (cP) [l A= (cP) WA o 5] (min)
F1 2718.00+45.25° 1747.50+27.58% 970.50+17.68° 3075.00+£36.77° 1327.50+9.19° 6.20+0.00¢
F2 2136.00+£73.54' 1275.00+57.98" 861.00+15.56° 2679.50+82.73¢ 1404.50+£24.75° 6.30+0.04°
F3 2696.50+55.86 1734.00+11.31 962.50+44.55¢ 3316.50+60.10" 1582.50+48.79° 6.30+0.04°
F4 2185.50+9.19" 1266.50+3.54" 919.00+12.73¢ 2568.50+4.95" 1302.00+8.49¢" 6.20+0.00°
F5 2619.00+23.33% 1878.50+64.35" 740.50+0.71" 3153.00+86.27% 1274.50+21.92¢ 6.50+0.04
F6 2716.50+99.70° 1685.00+69.30° 1031.50+30.41° 2870.50+82.73" 1185.50+13.44" 6.37+0.05%
F7 2080.50+43.13%" 1174.00+35.36° 906.50+7.78¢ 2261.00+35.36/ 1087.00+0.00' 6.04+0.05°
F8 2511.00+11.31° 1595.00+29.70° 916.00+18.38¢ 2654.00+4.24%" 1059.00+25.46' 6.37+0.05%
F9 2668.50+16.26% 1780.50+4.95° 888.00+21.21% 3243.00+5.66% 1462.50+10.61° 6.40+0.00°
F10 2629.00+35.36% 2029.00+33.94* 600.00+1.41 3413.00+67.88% 1384.00+33.94% 6.53+0.00°
Fl11 1456.00+15.66' 634.50+7.78 821.50+2.12% 1472.50+2.12" 838.00+5.66 5.57+0.058
F12 2033.50+17.68" 1139.50+3.542 894.00+14.14% 2426.00+9.90' 1286.50+6.362 6.17+0.05¢
F13 3422.50+63.64" 2024.50+20.51° 1398.00+2.83° 3363.00+35.36™ 1338.50+14.85% 6.13+0.00¢
Fl14 2602.00+42.43% 1884.50£19.09° 717.504+23.33" 3184.00+39.60° 1299.50+20.51°f 6.40+0.00°
F15 2884.00+24.04° 2091.00+42.43° 793.00+18.38¢ 3432.50+16.26° 1341.50+26.16% 6.50+0.04*
Fl16 1492.00+11.41° 708.00+1.41" 784.00+0.00¢ 1623.50+0.71% 915.50+0.71° 5.73+0.00"
5 R E(%) 20.86 29.63 19.60 21.80 15.60 431
6 16 PRI/ B 716 FERTE/NE B O R

Table 6 Thermodynamic properties of 16 types of wheat
flours for dried noodles

Table 7 Edible quality of 16 types of wheat
flours for dried noodles

e WL IR TRLEE WITLIE TR Wit 2R IR (e FE G5 FIBURAE(%)  BWIAE(%)  ZIERTE (min)
i () () () Urg) Fl 6.25+0.09° 0.00+0.00° 6.25+0.35%
F1 57.06+0.11%  63.09£0.11%"  69.51£0.06* 0.89+0.01" " 6.5540.14% 0.00£0.00° 6254035
F2 57.68+0.077  63.63+0.13  69.84:0.08" 1.07+0.01% 3 42440 08 37541 77 7.5040.71°
a ab ef b
F3 58.64+0.21°  64.08£0.17°  69.34+0.24° 1.6520.00 Fa 5.8240.10¢ 5.0040.00° 6.5020.00°
F4 58.40+0.08"  63.41£0.03*  69.69+0.03* 1.11x0.01° Fs 5.3140.07 0.00£0.00" 6.50£0.00"
F5 58.18+0.04™  64.20+0.00°  70.18+0.06°  1.43+0.00° F6 5 640,022 0.00£0.00" 5.5020.00%%"
F6 55.73x0.10'  62.81£0.31"  68.30+0.10'  1.15£0.00 - 5.5620.05" 0.0020.00° 5.0040.00%
F7 57.66£0.01  63.29£0.16  69.00+0.065" 0.92::0.00" - 6.16£0.13 0.0020.00° 5,500,711
F8 58.11£0.13%¢  63.20£0.23°®  69.510.03% 1.77+0.00° Fo 6.0420.06% 0.00:£0.00° 5.50-40,00%%
F9 58.04£0.00°  63.04£0.07™"  67.53+0.10% 2.85+0.02° 10 6.5020.09" 0.00£0.00" 6.00£0.00%
F10 57.64£0.20  62.94+0.10"  68.89+0.24" 1.38+0.01° Fll 6.640.01%¢ 0.0040.00° 5 9540.35%"
F11 51.47+0.13  61.73+0.10'  67.80+0.03'  4.12+0.03" .. 6.7740.10° 0.0040.00° 5 5020.00%
F12 58.17+0.24"¢  63.80+0.07  70.07+0.00® 1.29+0.05° 13 5’5 4 i0'03]“ 0'00 ioboob 5'75 iO'SS.m
F13 56.47+0.08"  62.51+0.01'  69.20+0.06" 1.30+0.01% T T U
, . X F14 6.74+0.07% 0.000.00° 5.5040.00"
F14 57.48+0.27°  63.15£0.10°%  69.35£0.04°  1.34:0.00¢
i ; b F15 7.40+0.16° 0.00£0.00° 5.75+0.35%
F15 55.82+£0.16'  62.58+0.16'  70.04+0.11® 1.29+0.02° J . .
.40+0.121 501, 75+0.
F16 57.85£0.06*  63.46£0.04°  69.68+0.01° 1.43+0.00° #5”6( 5:40+0.12 2.30£L.77 4.75+0.35
; ARG R %
55 ZH(%) 384 1.96 13 23,04 A5 5 R R %) 12.57 22458 11.59
PR ETER T TS ARt DA fE— e 2557, s 35 mmp,,, r50
AT AR L 1] 2 SR GE R /K i 5 AT A DG H 301 L0
AT FEERAE LU & A, R A B J2 T 254
AR s i NS AT T 22 532085 554 Bornhorst S 201 30 g
LMV 8 W, B4 A BRI Py B K 45 B B [RIAR = 15 120 =
KA 2 HnfiE R 7K e, X n] et &l iish & 101
S ) s ( 10
IR S PRI T AR B GE A 7K i3 25 S it R A 51 |
22 16 MEEER/NEMMRIEIRSIEMKEEE ; SO R
QLR N
KM A )
XF/INAZ R E S I B AR bR S K2 16 FEETTIE AL 120 min A1 240 min P9 TERI K %

FE T TE M IK it R k4T Pearson AHICHESFHT UnER 8 B
TRe ZERIEIR, H,y 5 B UWEM . MEEZNE . FEH A

Fig.2 Starch hydrolysis rate of 16 types of dried noodles

at 120 min and 240 min digestion time
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Table 8 Correlation coefficient between quality index of wheat flour and starch hydrolysis rate

ST R Hiso Hayo ST AR His Hayo SR TR bR Hiyg H,s0
SATER 0.309 0.166 -/9xx 0.115 ~0.087 WEAE ZH 0.503" 0.512°
HHEVER —0.415 —0.587 9xx/10xx -0.293 -0.121 R FE —0.440 -0.226
PAOTTERY 0.079 0.145 10xx/11xx -0.532 —0.484 A 0.701" 0.536"
BIEH 0.535" 0.662" 11xx/12xx -0.018 0.032 AR 0.120 -0.030
HH 0.355 -0.063 12xx/13xx 0.295 -0.203 el 74 ff -0.279 -0.031
i 0.170 -0.120 13xx/14xx 0.249 0.134 WA Asf 1] —0.286 -0.498
S HEIR -0.524" 0.391 14xx/15xx 0.184 —0.250 WIEBIIR —-0.256 -0.074
ey -0.342 0.002 15xx/- 0.327 0.017 LR -0.191 —0.131
A 0.178 —0.086 Y & 0.348 0.464 W2 0.167 0.034
2R —0.169 —0.140 T ni s ] -0.538 —0.403 Wbsa (e —0.659 -0.402
L4 -0.354 -0.058 Tt B ] -0.020 0.188 e 0.232 0.194
K5y -0.553" -0.307 SRz -0.362 0.293 AR 0.054 0.005
TR I —-0.415 0.090 WAL -0.277 -0.334 TEVR ] 0.528° 0.214

TE: "FIRAE0.05/KF EARRIE R, " FRARTE0.0 UK AR 3%

A [A] 52 5 3 IEAH =4 (P<0.05), 5 AR E A0 e 25 1EA
K(P<0.01); Hy, SUEMEFEE . A E S B IEAHSE
(P<0.05), 5 B pEM 2 0 IFAESE(P<0.01) . H y,
SR RN SE . K AN 10xx/11xx . T TR
Fsf ] 5 S 2 AR (P<0.05) , SRS (B AR 25
FHIE(P<0.01); Hyy S5 EEEVENY . WEIE AT ] 2 2 11
A (P<0.05) o AHSCHE BT BHAS TFR AR 2[RI AH G
PEE 2 HAF e s B E S, 45 LTk, N/INZER 40 4~
TSR bR PR A S R 1 BB TE RS L B TRy A3k
PR Rt . KAy KHZHEE 10xx/11xx . [T AT TE] | 5
(BERGEE . IfAE . WE(E R a] L BIARRS B . e S JRes
(6] 11 DNFEPRIEA T RS B4 s30T, LI — 24 161 i
e S BTFE bR
2.3 AEHEEER/NEWREIERERS O
2.3.1 TSR FRSr4 BTk (principal compo-
nents analysis, PCA) J&—F il 1Y 2 A8 s Ge 1153 4r
Trids, Bk BRI AR B, SCEE B HeaEt, 3
THEbR Z A —EAH RS B E SIS . DARE
AEAE>1 Y7 25 DTHRSRAM 7 et %8, i3k 9 Fil
B 3 4%, 5 1 FE AU AR S 3.224, J7 22 5Tk
Ry 29.307%, S B BN S TR WA
FEPEAR R AR, BT 3 4~ E ARG X B9 BT 7 2251
FRRIAE] 71.460%, KB 3 RSt E& T4
TS B, LAl DA A5 389 3 4~ R4
B — 2L e A TR I FE R

=R g PR - 28 far A REE R T R0, HAZE X O,
X2 A FE MR TR 2 (R 1005 PR, =g 1 RA
B JEH (CV=16.61%) (3£ 0 2y 3=, (B B[] (CV=
4.31%) . FHAHEE 10xx/11xx(CV=90.62% ) (4 5 i >y
B EAr 2 ARG (CV=28.66%) IS N 3=, 2 3%
fig S 1 (CV=8.81%) FIMALL.45 (H (CV=83.04%) 1% 3%
ma SRy S 3 LABE LR (CV=20.86%) N &, LA
TaT AT Ji% Bt 1] ( CV=98.17%) Fll 8 fi# A (CV=9.60% )

&

9 TR K TR

Table 9 Principal component eigenvalue and contribution rate

HIHAHEHE SRR
FHY ggipgg ORI BBUGED e JTETUR RBUT 2T
TR o) mRmen) T (%) (%)
1 3.224  29.307 29.307 3.224 29.307 29.307
2 2.806 28.147 57.454 2.806 28.147 57.454
3 1.341 14.006 71.460 1.341 14.006 71.460
4 0916 8.323 79.783
5 0.806 7.329 87.112
6 0.553 5.027 92.139
7 0.384 3.490 95.629
8 0.231 3.008 98.637
9 0.102 0.928 99.565
10 0.038 0.344 99.909
11 0.010 0.091 100.000
4-
3_
-
= 9
|
it
1 \
0_

123456780910l
R
B3 B A

Fig.3 Principal component analysis lithotripsy

HISEIR R o 45578 5 R BRSPS AT A R, ek
153 6 Fhik & FH/INZ By R MEFR bR 433 8 B UE
. WAy FHANEE 10xx/11xx. 1EHIERGEE]  WEEZE
ORIk R

2.3.2 BEMUTERIEC R MLEGISS F A ks
AT HE AR I B AR R, 3NS5 5 HT R G
AR B PEAT R R AR % AR Sy Te s ANAE, X R iC
Xitizt-11)» ZE AR EAGIEZS S AR IE ] B P A 2 3
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Table 10 Principal component factor load matrix

- TiER J (1) o B
EiEtan
PC1 PC2 PC3
HERER (X)) 0.672 -0.035 —0.082
BUEM (X,) -0.831 0.063 —0.260
SR M (X)) -0.290 0.803 0.236
K53 (X,) -0.010 0.860 —0.144
HLAEE10xx/11xx(X ) 0.700 —0.246 0.127
THTAIE B R] (X ) 0.168 -0.056 0.823
WA R (X)) 0.323 0.300 0.855
HATBAE (Xg) -0.542 0.131 0.652
UEAF A ] (X)) 0.746 0.476 0.329
WA (X ) —0.184 -0.732 —0.098
FEif A R (X)) -0.415 0.694 0.183

T R RS A TR]— S0 v DTRR AR I 8 T A o

FERST I BRECFRIAT Z; 1oy AT F TR

7Z,=0.374X,-0.463X,-0.162X,-0.006X ,+
0.390X5+0.094X+0.180X,—0.302X3+0.415X,—
0.102X,,-0.231X,,

Z,=—0.021X,+0.038X,+0.479X,+0.513X,—
0.417X5—0.033X,+0.179X,+0.078X4+0.284X ,—
0.437X,,+0.414X,

Z,=—0.071X,-0.225X,+0.204X,—0.124X ,+
0.110X4+0.711X,+0.738X,+0.563X;+0.284X,—
0.085X,,+0.158X,

3AFRIBA, X ~X,, 0 EEEVER . B UE
¥y A ELR B KAy FHANEE 10xx/11xx . AT AL,
AsfIa] | OG(E R | AR . DGR ] I ARRS (e, FEm
R E]

PLBFAS LS XF N 1 25 DT (N B 1A HAY
R 456 LR EEEA T2 51595030 Fe

p - 29-307Z, +28.1477, + 14.006Z,

71.460

2hG LR BRI PR IR SO TR L S
1855 F ange 11 pios . HAB#RR IS, FonHm HAa #ksg
12 A TEASTH AR, AR L. R BRI LR T
1, 16 rHEmE P, F5 BRI rfeis, 538 T 1.94 47,
HkIZ F8 Fll F16 £ 5, 43510 0.98 F1 0.79 435 F7.
F13. F11 #¢ Fh 5 515 4r B Ik, 9 -0.89. —1.53 0l
—2.21 4%,

24 AEHEFEEERNEMBELES R

EJL51 M7 (cluster analysis, CA) &% AR FNAS EAH
{URR B A T8 B A3 2 0 — R #4320 P . DL
AR BN LR GAS TV E AR i, SR FHZH M4 CF
R EGIE B ) B XY 16 A/ N b T R G R
T, LEHRANE 4 iR, MERICEE R 7 B, AIERE
BN 325, #5—2%5k F3. F5. F8. F9. F10. F14,
F16 5L 55 258 F1. F2. F4. F6. F12 SFE;
%5 =2%N F7. F11. F13. F15 S5 . T SEHUm

2026 4F 2 A
FA1 16 Pk E I LEE 1)
Table 11  Composite score of principal components
for 16 types of dried noodles
ERTE RS Z Z A F Eil35g

F1 0.78 —-0.89 0.12 —-0.01 10
F2 2.18 -1.19 —1.68 0.10 9
F3 2.81 -1.26 —-1.06 0.45 5
F4 0.51 -0.89 -0.46 -0.23 11
F5 2.55 0.42 3.70 1.94 1
F6 0.03 0.38 0.36 0.23 8
F7 -1.24 —-0.93 —0.04 —0.89 14
F8 1.05 0.88 1.02 0.98 2
F9 —0.46 1.30 0.50 0.42 7
F10 -0.32 1.80 -0.75 0.43 6
F11 —4.48 -1.52 1.17 —2.21 16
F12 0.09 -0.72 -0.91 -0.42 12
F13 —2.07 —1.54 —0.36 —1.53 15
F14 —-0.08 1.85 —-0.39 0.62 4
F15 —0.35 -0.90 —0.81 -0.66 13
F16 —-0.99 3.23 —0.41 0.79 3

HALHE T /N2 0y, BORTEMTH LR 5218, A BT
diFr it e, B s — 2841w & A E UL BT R
K i A, v HAVET T A L FH /N 22 0y Rkl %k
PRS- 456 RS54 AT 3 SR An v U
JEREEI(FR 12): B 3EBFSHE 10.15%~16.91%. K55
0.42%~0.73% . KN 10xx/11xx JFi 5 kL 6.06%~
26.20%. T A1 BT A] 4.20~15.00 min., W4{H 3k EE
1492.00~2697.00 cP. #I{bK5{H 1.34~2.85 J/g.
5 10 15 20 25

1 L ! L f

F9 9
F10 10

F7 7
F15 15

FILIL
F13 13
4 16 P& I/ RIS PIR P

Fig.4 Dendrogram of cluster analysis for 16 types of wheat
flours for dried noodles

12 AL H/NA R OB 32 B A B s v
Table 12 Main quality index range of wheat flour for dried

ol
AN = N
L] LT L] T4

noodles raw materials for low starch digestion

INERT R EARRR R ME RR(E TIE A2 g iEREAE|
BIEKH (%) 10.15 1691 13.84 252 10.15~16.91
WA (%) 0.42 0.73 0.53 0.11 0.42~0.73
L0 B 10xx/

1 xx(%) 6.06 2620 1423 783 6.06~26.20
T A K,

it il (min) 420 1500 794 484 4.20~15.00
VR (cP)  1492.00 2697.00 2088.00 94.27  1492.00~2697.00

WITLIE1E (J/g) 1.34 2.85 1.64 065 1.34~2.85
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FIRTHE T L /NS R 0 24 777 it S 4 22 2 L),
FETTRCET | BSOS, B AT £ TR B
5 T UM TR A ROR O TR A T /N2 ke
e . RIS A 22 56T LAAR AR B i
AT BN . AT B WA B 7 25 T T S B s
LR, HH A B AT T ECSS MR P AR B, T e
AFAS A 22 3 2229, e AR P A T AT
WAL R R S 2 B £ 4 G i B PRI 25, 2818
TR A B AR T AR IS 3K AL & BN R
f4 G, WA T IR 2

VFZWFSE F 0729, JES IR U5 AN ], SEA I
LR SRS, S R, XU, T
TS & FRRE LS , DT 2l S T AL R E R

SN PERPARIERORL NSRS n] 53 A AT B BRI,

B UER ORI /N (<10 wm) , 52 BRIZ sl AL 1) 22 1
R, BATEIRAY LU AR, 3t H FE I A S ks
A A W E LA, B0 50 ST, 7K s e, A7
Lb A TEBF (=10 po) T 75 A2 BAH AR . AWF5EAS
Hims B SEM S AR L — e R BT
e, FFERTNAIRFTELE R e IR FEZRAE N I T
BERYE ZERR, RN RS BEE B PR EEE TER R 45 4
AR A TR (R I, S 1 /NS I K
U, TR TR T A o IR 5335
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